The aim of the experimental study is to investigate the performance of indirect evaporator cooler in hot and humid regions. A novel approach is implemented in the cooler using clay pipe with different orientation as aligned and staggered position for potential and feasibility study. The clay pipe is the ceramic material where the water filled inside the tube and due to the property of porosity, the water comes outer surface of the tube and contact with the air passing over the tube and air get cooled. A test rig was designed and fabricated to collect experimental data. The clay pipes were arranged in aligned and staggered position. In our study heat transfer was analyzed with various air velocity of 1 m/s to 5 m/s. The air temperature, relative humidity, pressure drop and water evaporation rate were measured and the performance of the evaporative cooler was evaluated. The experimental results were compared with mathematical values. The analysis of the data indicated that cooling effectiveness improve with decrease of air velocity at staggered position. It was shown that staggered position has the higher performance (53%) at 5 m/s air velocity in comparison with aligned position. The experimental of heat and mass transfer coefficients were compared with Colburn heat and mass transfer group. The test results were within the limit of 20% of mathematical values.
over global warming and the environmental damage caused by CFC refrigerants have stimulated research to develop alternate systems for air conditioning. One such system is based on evaporative cooling. This technique eliminates environmental damage and offers energy savings in running costs by Riangvilaikul and Kumar, Daou et al. [9] [10] .
Among the various methods of evaporative cooling, indirect evaporative cooling has been used widely in industrial and commercial air conditioning by Joudi and Mehdi, Suri [11, 12] not only because it operates at very low energy cost, but also because it cools the air without adding moisture to it. This cooling technique eliminates environmental damage and offer energy saving in running cost. This technique is becoming popularly utilized in the world as an alternative of air conditioning by Costelloe and Finn, Gasparella and Longo [13, 14] . Porous ceramic evaporative cooling is a new technology which utilizes the evaporative cooling technique in building cooling, water desalination, juice concentration and other application by Ibrahim et.at, Kopellovich, Loeb and Johnson et.al [15] [16] [17] . An indirect evaporative cooler incorporating a porous ceramic and a heat pipe was describe by Riffa and Zhu [18] . Experiments were carried out to examine the effects of various ceramic properties, such as porosity, wall thickness, and outside diameter. Use of the cooler for a chilled ceiling in an environmental chamber was also investigated. A temperature drop of 3.8C per square meter of ceramic surface area was achieved for an 18 m chamber.
Modeling of an indirect evaporative cooling system for supply of sub wet bulb air temperature using porous ceramic materials was carried out by Meryem Kanzari et al. [19] . Results of the proposed design is capable of cooling air to temperatures lower than the ambient wet bulb temperature and achieving wet bulb effectiveness of about 1.17. An experimental study is conducted to cool ambient air for gas turbine inlet air cooling using ceramic tubes membrane by O. Zeitoun et.al [20] . Results show that using the modified ceramic tubes enhances the heat transfer between the air and water vapor. This enhancement is reflected by a maximum and minimum temperature drop of 11 ْC and 4 ْC of the dry air. The wet media used in evaporative coolers is an essential component of an evaporative cooler. It is usually made of a porous material with large surface area and capacity to hold liquid water. According to Wanphen and Nagano [21] , the selection of wet media materials is based on their effectiveness, availability, cost, safety, and environment factors.
Al-Fahed.el.al., [22] investigated the pottery evaporative cooling system of a novel approach to cool inlet air with minimal change in relative humidity and low water consumption. An experimental investigation tested two different unglazed pottery arrangements, aligned and staggered, under dry and wet conditions. From the results, relative humidity increases across the potteries, in the range of 2 to 5%, and tends to be almost constant as air flow rate increases. Chen [23] studied cooling performance of a wet porous evaporative plate. Results showed that a porous evaporation cooling plate can achieve a 5-8°C drop in air temperature and that both a higher evaporation rate and vapor velocity occurred at lower values of ambient relative humidity and at higher values of ambient temperature. Evaporative cooling of water in a small porous clay vessel was studied under controlled humidity conditions by Ashutosh Mittal.et.al [24] . In steady-state experiments performed at an ambient temperature of 23 °C, the cooling effect increased from 4.7 to 8.3 °C as the ambient relative humidity decreased from 60 to 15%. Aimiuwu [25] [26] [27] found the long-term temperature of water in a porous ceramic pot to be 10.4-15 °C below the ambient temperature and to have a smaller daily variation than the external temperature. Kam et al. [28] conducted a studies on hydrothermal transfer in porous terracotta tube, in hot, dry climate of the cooling of a water reserve and the room temperature is reduced to 15°C in the sahelian zone.
There is very limited research conducted on the pottery evaporative cooling system from the literature review. In this experimental study, a novel approach is conducted in evaporative cooler using clay pipes with orientation. The ambient air cooled was cooled and humidified based clay pipe evaporative cooing technology. The purpose of the research is to obtain the basic information on the influence of air and water on the heat and mass transfer coefficient for evaporative cooling process through various orientation of clay pipe of aligned and staggered position. Cooler effectiveness, evaporation rate, pressure drop across the test was analyzed. Heat and mass transfer coefficients of experimental values were compared with Coburn [29, 30] heat and mass transfer group. Figure 1 illustrates the main components of the experimental setup which consists of a 3.14 m length with 0.38 m X0.38 m square cross section and 9 mm thickness of Plexi glass. The experimental apparatus consists of a blower, wind tunnel and a matrix of clay pipe, pipes serving as a test section. The wind tunnel has four parts of conical adaptor, straight section, test section and settling section. The first part is a conical adaptor of 0.58 m X 0.58 m with length 0.60m that converts the blower square is connected to second part of the straight section of length 1.5m and 0.38mx0.38m cross section. The test section of 0.8 m length is connected in between straight and settling section. The total length of the wind tunnel is 2.5m and 0.38 m x 0.38 m cross section. The photographic view of the experimental set up is shown in Figure 1b . Inlet and outlet are temperatures are measured at four locations in the experimental setup using copper constant K-Type thermocouple. Two thermocouple are located in the straight and settling section. Four thermocouples are located in the test section inlet and outlet for dry bulb and wet bulb temperature measurements. In addition, 4 thermocouples are used to measure the air temperature drop across the test section and another 4 thermocouples are used to measure water temperature in the clay pipe of aligned and staggered condition. Dry bulb and wet bulb thermometer are used to cross check the air inlet and out temperature. The air and water temperature are recorded and monitored continuously with respect to time by data logging system. Pressure taps are located in the test section entry and exit side to measure the pressure drop across the test section using U-tube manometer. A weighing machined is used to measure the evaporation loss of water in the clay pipes during each run. The clay pipes were measured before and after at each run. The water holding capacity of each clay pipe is 800ml. The unit of measurements and their accuracy are shown in Table. 1.
EXPERIMENTAL SETUP

Table 1 Measuring Instruments and their details
UNCERTAINTY ANALYSIS
The objective of a measurement is to determine the value of the measurand, that is, the value of the particular quantity to be measure. A measurement therefore begins with an appropriate specification of the measurand, the method of measurement, and the measurement procedure. In general, the result of a measurement is only an approximation or estimate of the value of the measurand and thus is complete only when accompanied by a statement of the uncertainty of that estimate by [34] . Through there are many factors in the measurement uncertainty, in this study, it is assumed that the major factors of resolution or detection of sensors and the variation of the measured data during repeated tests at the test condition. It defined the measurand, the output quantity as a function Y = f(X) of the input quantities X. The uncertainties of the measured data were calculated by combining the type A and B [35] .The type A uncertainty was evaluated by statistical analysis of series of observation of the 50 times sampled data and the type B uncertainty was calculated by previous measurements, specifications from the manufacturer, hand-books, calibration certificates, etc. The standard uncertainty was computed as root mean square (RMS) error of the type A and B uncertainties. Table 2 shows the uncertainty estimation of each measured parameter and 50 samples were collected in each test [35] . At the different test condition, the type uncertainties of the measured parameter would change, and that results in the change of the standard uncertainties. In this study, Monte Carlo simulation (MCS) for the air flow rate, water flow rate were conducted and the results were used to verify the standard uncertainties. In the MCS, commercial software (at Risk-trial version) was used, and the same standard deviation and limits of resolution of sensor of the input variables as previous uncertainty analysis were used. The validation of the standared uncertainty by the uncertainty analysis and the standard deviation by the MCS for the water flow and air flow errors were 0.079% and 0.043%. Results agree with errors are less than 0.1% and the errors could be caused by the approximation used in the uncertainty analysis. 
HEAT AND MASS TRANSFER ANALYSIS
In the experimental study, heat and mass transfer between water, clay pipes surface and air was analysed. The heat energy is transferred from air to water through the clay pipe surface and water is evaporated. The heat energy lost from the air is transfer to water and the evaporation of water is given by:
where / and / are dry bulb temperature inlet and outlet of the test section. The evaporated heat transfer coefficient is calculated as follows:
where A is the clay pipe surface area, is the wet bulb temperature on the clay pipe surface and is the mean temperature.
Heat energy is transferred from air to water by clay pipe surface and heat energy gained by water is represented by:
where and are initial and final temperature of water in the clay pipes. The transfer of mass and heat during the clay pipe evaporative cooling is described by the following empirical equations.
In which the coefficient a, a1, m, m1, n, n1 depend on the properties of the fluid and on the Reynolds number. Mass and heat transfer between the interface of the porous medium, subject to evaporation and an external air flow.
The value of the Reynolds number permits us to determine whether the flow is laminar or turbulent. The velocity through the test section is calculated based on the Reynolds number, and is follows.
Here D is the clay pipe diameter, V velocity of the fluid, ρ is the density of the fluid and µ is its dynamic viscosity. It is common to use the kinematic viscosity γ=µ/ρ in defining the Reynolds number. 
(11)
From the literature review Kam et al. [28] , the flow around the circular tube or pipe is usually laminar when the Reynolds number is below 2,000. In the range 2,000 <Re <3,500, the status of the flow is in transition and for Re > 3,500 flow can be regarded as turbulent. The above equation is valid for 1,000 ≤ ≤ 2,00,000 and P1 and P2 are pitch distance of the clay pipe normal and parallel to test section. F is the correction factor with test section clay pipe rows less than 16 and n=0.36. Based on the reference Zhukauskas [29] , the correction factor (f) is 0.95 corresponding to 4 rows and ( 1 2 ) ≥ 1.
The average velocity of the air in the test section is approximately is 1-5m/s. The obtained Reynolds number is higher than 3,500, so the flow is turbulent, then use the correlation of Gilliland and Sherwood [30] .
The data can be represented in terms of Colburn heat transfer group JH by Zhukauskas and Colburn [29, 30] .
The coefficient of convective heat exchange between the air and clay pipe surface is evaluated from the correlation of Colburn [31] , in turbulent flow = 0.0023. 0.8 .
0.83
The coefficient of heat transfer between the clay pipe surface and the water is obtained from the following correlation:
= 0.57. 0.25 .
0.83
where, the Grashof number is calculated from the average temperature of clay pipe surface.
There is analogous Colburn j-factor for mass transfer (jM) defined in a similar manner using the mass transfer coefficient and the Schmidt number by Zeitoun [20] .
where jM is the colburn mass transfer group and Sh is the Sherwood number. 
(21)
The evaporation rate at the test section can be estimated from:
where hfg is the latent heat of vaporization of water and the humidity ratio increased from inlet to outlet of test section and it is obtained from:
The mass transfer coefficient can be obtained from:
where is the humidity ratio at the clay pipe surface using psychometric chart by measuring the wet bulb temperature in the clay pipe and is the average humidity ratio:
According to the Zeitoun [20] , the convective mass transfer coefficient hm is related to the mass transfer coefficient ĥ ℎ = ĥ (26) where is the average air density. The evaporative cooling and humidification system effectiveness εc and εh at the test section are represented by Mohamed Ali et.al [32] :
where the / is the specific humidity using the water temperature at 100% relative humidity. The clay pipe cooling effect is associated with the temperature drop across the test section due to both forced convective heat and mass transfer between clay pipes and flowing air. Based on the temperature drop, the cooling effect is more at low air flow rate (1 m/s) for both aligned and staggered position. The temperature drop is achieved 8°C and 11°C for both positions at 1m/s. At higher air velocity, the retention time of contact between air and clay pipes surface contact is less. So a certain amount of air will pass by without contact the clay pipes, which lead to a drop in water evaporation. This results agree with Al-Fahed et al. [22] reference that at low air velocity of 1 m/s the temperature gradient is high for both aligned and staggered position and it decreases when air velocity increases. As shown Figure 5 , shows variation of relative humidity versus different air velocity across the test section in aligned and staggered position of clay pipes. It can be seen that the variation of relative humidity decreases with increasing the air velocity. As can be noticed from these figure, in both types of clay pipe position with increasing the pitch distance (5 cm, 10 cm and 15 cm) the variation of humidity decreases. Increasing humidity variation with decreasing pitch distance is due to quick contact between wetted clay pipe surface areas and the flowing air. 7% and 9% relative humidity variations were achieved in aligned and staggered position at 1 m/s air velocity. Variation relative humidity is more at staggered position compared aligned due to air passes over all the posts surfaces. From the graph, staggered positions have highest relative humidity variation compare with aligned one with pitch distance 1 m/s. Since minimum pitch distance provides immediate contact between air and pot surface area and increases heat and mass transfer between air water, the variation of relative humidity improves. Moreover, smaller pitch distance provides small air passageway in evaporative cooler. In addition, results indicated that the change in relative humidity at low values of air speed is relatively greater than for the high-speed case, and that is due to the phenomenon of a high evaporation rate at high speed. Figure 6 shows the effects of pitch distance and air velocity on the average pressure drop along the test section for aligned and staggered arrangements of the evaporative cooler. As expected, the pressure drop increases by increasing the inlet air velocity in both types of arrangements. The reason is that increasing inlet air velocity will lead to higher maldistribution of flow field at inlet of the test section as well as higher air resistance between clay pipes. It can also be seen that with decreasing the pitch distance, the pressure drop across test section increases. This is due to higher resistance of the flowing air across the clay pipes. Another important result that can be obtained from the figure is that at a same pitch distance and inlet air velocity, the pressure drop in staggered position is higher than that of aligned position. From the experiments results, generally greater pressure drop are obtained with smaller pitch distance of the clay pipes. In our study the staggered position pressure drop is higher when compared with aligned position. It is due to many reasons that the structure, orientation, physical properties, porosities, water holding capacity and air velocity. The staggered position can be found higher pressure drop since these have small air passage therefore air resistance happened so air passes through section very slowly. The aligned position can be found lowest pressure drop since these have largest air passage way therefore air passes through the section highly with low air resistance. This is due to the large path size in a unit area for aligned position which leads to smaller contact area and smaller path size with higher contact area and consequently higher friction with respect to staggered position. In Figure 7 the amount of evaporated water for different air velocity and pitch distance of the clay pipe evaporative cooler. From the figure, it is evident that with increasing the pitch distance the amount of evaporated water decreases. It is due to the fact that increasing the pitch distance leads to decreasing the contact surfaces between clay pipes and the flowing air. Moreover, with increasing the inlet air velocity the amount of evaporated water increases. With increasing the inlet air velocity, the mass transfer coefficient on the surfaces of clay pipes increases which leads to higher amount of evaporated water. In this study more amounts was evaporated 0.22 lit/min and 0.25 lit/min for aligned and staggered position at 5 m/s. Al-Fahed et al. [22] mentioned that water consumption is an important economic factor in this novel experimental work. In the experimental study, good performance of evaporative cooling is obtained at lower air velocity of 1 m/s for both positions with lower water evaporation. Looking at Figure 7 , the value of water consumption is seen be small. For example, at an air flow rate of 1 m/s, the evaporation rate of water are 0.15 lt/min and 0.17 lt/min for aligned and staggered position, which is considered to be a low value. Results indicate that water consumption for the aligned arrangement is less than the staggered case. For both arrangements, water consumption decreases with the increase of pitch distance. As expected, as the air velocity increases, more evaporation occurs; hence, an increase in water consumption is noticed. Figure 8 , shows that more amount of water is evaporated from the first row of the test section of aligned and staggered position. For the both position, 40% of water is evaporated. Particularly clay pipe 2 and 3 has more evaporation accrued in the first and third row of the clay pipes. It is due to more amount of air is conduct over the surface comparing with 1 and 4 tubes. Similarly staggered position second row pipes evaporated 36% compared with 30% in aligned position. It is due to air contact the second row pipes directly from the first row pipes. The evaporation rate is drastically reduced from the first row to fourth row of the clay pipes due moisture absorption rate. At the entry level moisture abortion rate increased from the clay pip surface and it is drastically reduced due to saturation of the air. Figure 9 and 10 show the performance of the clay pipe evaporative cooler in aligned and staggered position of experimental data at the test section using the evaporative cooling and humidification system effectiveness εc and εH respectively using Eq. (27) and (28) . With increasing the inlet air velocity from 1 to 5m/s, cooler effectiveness decreased for both position. Similarly cooler effectiveness is decreased by increasing the clay pipe pitch distance. It is due to less heat and mass transfer between air to water and high pressure drop occurs at higher air velocity. The retention time is high at lower velocity of air and large frontal area of the clay pipe. From this graph, the pitch distance decreases with increase effectiveness. The results show that aligned and staggered position have the highest efficiency of 45% and 53% for 1m/s air velocity. Similarly humidity system effectiveness increases at lower air velocity. It can be observed that the cooling efficiency increases as the air velocity decreases, because slower air velocity causes greater evaporation rate as air passes more time through the clay pipe evaporator cooler. Also by increasing the air velocity the available time for heat and mass transfer between air and water decreases. From Figures 9 and 10 , the air velocity has inversely proportional to evaporative cooling and humidification system effectiveness. The air passes through the clay pipe evaporative cooler, its temperature decreases and, relative humidity increases. Comparison of the experimental data of the aligned and staggered position of the clay pipes heat and mass transfer coefficients were compared with Colburn heat and mass transfer (jH and jM) group using Eq. (8) and Eq. (9) . The experimental data show good agreement with Colburn equations and they lie within ±20% and it is shown in Figure 11 .
RESULTS AND DISCUSSION
CONCLUSIONS
The aim of the research is to investigate the underlying mechanical, thermodynamic and heat transfer phenomena of clay pipe evaporative cooler in a wind tunnel. Results showed that using clay pipe arrangement of both orientations enhances the heat transfer between air and the clay pipe surface.
 Particularly staggered position demonstrates high air temperature drop compared to align one. For staggered position air temperature drop was 11°C (5 cm pitch), 9°C (10cm pitch) and 7°C (15cm pitch) at 1m/s air velocity.
 Much greater pressure drop was accrued in the 5 cm pitch compared to 10 cm and 15 cm pitch distance.
 At lower air velocity of 1 m/s with 5 cm pitch distance, the relative humidity is 9% and 7% for staggered and aligned condition.
 The heat and mass transfer coefficient of experimental value are compared with Colburn heat transfer group and it is within the limit of 20%.
 The maximum evaporative cooling effectiveness is 45% and 53% in aligned and staggered position at 1m/s air velocity.
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